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Interpersonal touch is a fundamental component of social interactions because it can mitigate physical and 
psychological distress. To reproduce the psychological and physiological effects associated with 
interpersonal touch, interest is growing in introducing tactile sensations to communication devices. 
However, it remains unknown whether physical contact with such devices can produce objectively 
measurable endocrine effects like real interpersonal touching can. We directly tested this possibility by 
examining changes in stress hormone Cortisol before and after a conversation with a huggable 
communication device. Participants had 15-minute conversations with a remote partner that was carried 
out either with a huggable human-shaped device or with a mobile phone. Our experiment revealed 
significant reduction in the Cortisol levels for those who had conversations with the huggable device. Our 
approach to evaluate communication media with biological markers suggests new design directions for 
interpersonal communication media to improve social support systems in modern highly networked 
societies. 



Lovers cuddle and hug. A nurse strokes a patient's shoulder to reduce pain. An exhausted office worker gets a 
massage from a therapist for stress relief. In human interactions, interpersonal touch plays an important role 
in governing our emotional and physical well-being 1,2 . Its effects have been widely reported: it conveys 
emotions 3 , reduces pain 4 , enhances a person's tipping behavior and compliance known as the "midas touch 
effect" 5 ' 6 , and positively evaluates the person who initiated the touch 7 ' 8 . Its therapeutic effects on physical and 
mental stress have been supported by a large body of evidence 2 ' 9 . 

Early studies showed the psychological effects of interpersonal touch (e.g. 7 ), but recent studies have started to 
assess its physiological effects 10 . For example, such positive physical contact as hugging and massages from 
partners reduces Cortisol, increases oxytocin, and lowers systolic blood pressure in stressful situations 11 " 14 . 
Such effects are also observed in physical contact from strangers or animals, as shown by studies on the psycho- 
logical effects of massages 1516 and animal- assisted therapy 17 . 

In technology-mediated remote communications, tactile stimulation is critically absent despite the recent 
expansion of online communication tools that are typically limited to text-based messaging such as emails 
and instant messengers or video-based communication like Skype and Google Hangout. In recognizing this 
limitation of current communication tools, researchers on communication media have attempted to introduce 
physical contact to communication devices to achieve the psychological effects brought by interpersonal touch 18 
and to facilitate social interactions with robots that assist people in everyday life 19 " 21 . 

For example, several state-of-the-art communication devices have been designed to add physical contact to the 
Internet and online long-distance communication between couples, friends, and family members. "Hug-Shirt," 
which was awarded as one of the Best invention of 2006 by Time magazine, conveys the sensation of a hug to a 
distant person. Another haptic stimulation system called TapTap can record and play human touches, allowing 
the broadcasting of interpersonal touch to distant people 22 . Such wearable devices offer the possibility of virtual 
tactile stimulation with vibration, and other studies created the sense of physical contact by developing robotic 
avatars that represent distant people 23 ' 24 or combining wearable interfaces as an effector and a physical object as an 
input device 25 . 

Although these devices have been designed on the premise that the touches mediated by them would produce 
similar effects as those expected in real human -to -human interactions, there have been no direct empirical tests of 
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their physiological impact. The critical question remains unans- 
wered: do tactile communication devices induce physiological and 
behavioral responses like real interpersonal touches 118 ? 

The psychological and behavioral effects of physical contact with 
artificial systems have been shown for touches from interactive 
robots. A series of field studies with animal-like robots showed that 
long-term interactions with robots have positive psychological 
effects on elderly people 26 " 28 . One study reported that touches 
initiated by a robot motivate humans in terms of the number of 
working actions and the amount of working time for a monotonous 
task 29 . 

Even though these studies indicate that physical touching by 
robots has psychological and behavioral effects, it remains unclear 
whether the artificial realization of interpersonal touch can produce 
physiological responses as observed in real human interactions. To 
address this issue, we investigated whether endocrine changes are 
observed following a brief conversation through a huggable com- 
munication device. This approach allowed us to quantitatively evalu- 
ate the physiological effects of the mediated touch without relying on 
subjective reports of affective states. 

We hypothesized that communication with a remote person by 
giving a hug to a physical device would be sufficient to influence the 
human neuroendocrine system. To test this idea, we examined the 
changes in Cortisol hormone, which is a reliable biomarker of psy- 
chological illnesses 30 , before and after participants engaged in a 
human -human conversation mediated by a huggable communica- 
tion device. We focused on the Cortisol hormone because stress relief 
is one of the most critical issues in providing social support to facil- 
itate recovery from many types of mental and physical problems 9 . 
Considering the potential applications of communication media for 
social support, the impact of the media on stress relief is highly 
relevant. 

In the present study, participants had a conversation with a 
stranger while hugging a human -shaped cushion called Hugvie® 31 
that functioned as a mobile phone (Hug group). In a control group, 
participants went through the same procedure, but used a mobile 
phone instead of Hugvie (Phone group) (Figure 1). To assess the 
neuroendocrine responses to the social interaction with the com- 
munication media, we measured Cortisol levels before and after the 
conversation session. We collected the Cortisol levels both from the 
blood and salivary samples since they can be dissociated due to 
differences in their regulatory mechanisms 30 . We predicted that 
physical contact with the huggable device would reduce the Cortisol 
levels at a greater rate than the control group in which participants 
had conversations on a mobile phone without physical contact. 
Finally, we also evaluated the effects of physical contact on subjective 
psychological states with a post-session questionnaire that assessed 
positive affect, negative affect, and calmness. 




Figure 1 | Experimental paradigm. 
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Figure 2 | Mean decreases in blood (a) and saliva (b) Cortisol by 
subtraction of Cortisol levels before conversation from those after. Error 
bars represent standard deviation. 

Results 

As we predicted, the Cortisol changes in the blood revealed that the 
participants in the Hug group showed a significantly greater decrease 
of Cortisol after the conversations than those in the Phone group (t = 
2.26, p < 0.05, ES: d = 1.13) (Figure 2 (a)). We also found a signifi- 
cant reduction of Cortisol in the saliva (t = 2.9, p < 0.05, ES: d = 1.45) 
(Figure 2 (b)). The decrease of the blood Cortisol levels was correlated 
with that of the saliva Cortisol (r = 0.54, p < 0.05) (Figure 3). We also 
confirmed strong correlations between the saliva and blood Cortisol 
levels in all the samples (r = 0.82, p < 0.001), in the samples collected 
before the conversations (r = 0.84, p < 0.001), and those collected 
after (r = 0.79, p < 0.001). The consistencies between the saliva and 
blood Cortisol levels corroborate the reliability of our measures. 

We found no significant differences in the participant positive 
affect, negative affect, and calmness between the groups (positive 
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Figure 3 | Correlation between Cortisol changes in blood and saliva. 
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affect: t = 0.38, p = 0.71, ES: d = 0.20; negative affect: t = 1.7, p = 
0.11, ES: d = 0.86; calmness: t = 2.0, p = 0.07, ES: d = 1.01) 
(Figure 4). These subjective reports of affective states were not cor- 
related with the Cortisol levels after the conversation. Blood Cortisol 
levels were not correlated with positive affect (r = 0.36, p = 0.16), 
negative affect (r = — 0.01, p = 0.96), or calmness (r = 0.21, p = 
0.41). The saliva Cortisol levels were not also correlated with negative 
affect (r = -0.27, p = 0.30) or calmness (r = 0.23, p = 0.38), 
although a weak correlation was found in positive affect (r = 0.42, 
p = 0.096). 

Discussion 

We found that hugging a huggable communication medium reduces 
the Cortisol levels in both saliva and blood. These results, which 
support our hypothesis that physical contact with communication 
media can produce an effect even at the endocrine level, suggest that 
physical contact with such a medium might be effectively used for 
mental stress relief. To the best of our knowledge, this is the first 
study that demonstrated an endocrine effect from physical contact 
with a communication medium. 

We also found a reduction of the Cortisol levels both in the blood 
and saliva samples and a positive correlation between the changes in 
salivary and blood Cortisol. This indicates that we can use salivary 
Cortisol, which can be more easily handled than blood Cortisol, to 
evaluate the effect of physical touch with communication media. We 
expect salivary Cortisol to be a promising new measure to assess the 
effects of physical touch with communication media that have been 
evaluated with behavioral or psychological measures. 

Our results provide two important implications. First, they suggest 
that communication media do not need to actively stimulate a per- 
son's skin to reduce Cortisol levels. In previous research of interper- 
sonal touching, active touching by others, such as stroking arms and 
massaging, was primarily used as tactile stimuli 101114 . Other studies 
used a combination of several types of inactive touch, such as holding 
hands and hugging, and other factors (e.g., watching romantic 
videos) 12,13 . Little investigation has been conducted on the endocrine 
effect of single inactive touch except a study that reported the 
changes in the heart rate and blood pressure during gentle touches 
of the wrist 32 . Our results demonstrate that a 15-minute inactive 
touch with an inanimate object reduces the level of stress hormone. 

Second, our results indicate that communication media can be 
used as research tools to investigate the positive effects of physical 
touch independently of the touching situation and the toucher. The 
effects of interpersonal touch on physiological responses are affected 
by how people are touched and by whom 33 . For example, while 
positive physiological changes are induced by a hug with a friend 
or family member, such changes do not occur for a hug with a 
stranger of the opposite sex because it could be taken as sexually 
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Figure 4 | Mean scores of general affect scale. Error bars represent 
standard deviation. 



offensive. By contrast, our present study shows that hugging an 
inanimate object reduces Cortisol even during conversations with a 
stranger of the opposite sex. This suggests that communication 
media allow us to separate the actual effects of physical contact from 
the effect of intimate relationships in interpersonal touching, which 
could induce multiple effects. 

In contrast to the Cortisol results, the participant's subjective affect 
showed no significant difference between both groups. This suggests 
that the intervention with the huggable device did not induce sub- 
jectively perceptible psychological changes despite the objectively 
measurable changes in the endocrinological states. Interestingly, 
similar results have been reported in a previous study on real inter- 
personal touches. Ditzen et at. examined how physical touch by an 
intimate partner mitigates the stress response and found that women 
who received physical contact from their partners exhibited signifi- 
cantly lower Cortisol levels and heart rates in responses to stress than 
those who received verbal social support or no social interaction 11 . 
However, despite the physiological differences in the Cortisol levels, 
they found no significant differences in the self-reports of psycho- 
logical states. These results suggest that subjective reports of mental 
states may not be as sensitive as physiological measures such as 
Cortisol levels, because we have only limited ability to introspect 
our own physiological states 34 . 

The ability to reduce Cortisol levels seems suitable for improving 
the quality of intimate social interaction in which trust and bonding 
are crucial. For example, remote counseling services are widely used 
to improve patients' psychological states and mental health. The 
quality of communication with therapists may be enhanced by hug- 
gable devices, since they are typically conducted with telephones, 
internet, or videophones 35 . 

Which aspects of hugging the cushion-like, huggable device are 
critical for Cortisol reduction? We believe at least two elements war- 
rant further consideration: the posture while using the device and the 
quality of the tactile sensation from it. First, the pose itself can cause 
psychological, physiological, and behavioral changes. For example, 
Carney et at. showed that a high-power pose (taking up more space 
and keeping limbs open) elevates the dominance hormone testoster- 
one and reduces Cortisol more than a low-power pose (taking up less 
space and keeping legs closed) 36 . The hugging posture itself may have 
influenced the Cortisol levels. Future studies should explore the influ- 
ences of other postures. Second, the tactile quality of Hugvie is 
another element that may have caused the physiological changes. 
Recent neuroscience studies have shown that pleasant and light tact- 
ile stimulation is differentiated from rapid and intense tactile stimu- 
lation in neural transmissions 37 " 39 ; the former is transmitted by 
unmyelinated tactile fibers (C-tactile fibers), and the latter by mye- 
linated nerve fibers. Microneurography studies have suggested the 
possibility that C-tactile fibers in humans innervate the hairy skin but 
not glabrous skin 40 . Their innervation density is still not assessed in 
detail due to the limitation of current techniques. But, recent studies 
in mice supported this possibility, reporting that a rare subset of 
unmyelinated fibers, which have characteristics similar to human 
C-tactile fibers, exclusively innervates hairy skin 41 . They also showed 
that massage-like stroking activates these fibers and direct activation 
of those neurons produces positive behavioral valence 42 . This sug- 
gests a potential role of human C-tactile fibers in our positive affect- 
ive state. Human C-tactile fibers may mediate the link between 
pleasant light touching and neuroendocrinological responses. The 
gentle tactile stimulation from Hugvie's soft surface may effectively 
stimulate the C-tactile fibers in our skin of the face and arms and 
mimic social touching. This idea remains a speculation; however, if 
stimulation of the C-tactile fiber turns out to be critical, the device's 
effect on stress reduction could be maximized by targeting the hairy 
skin. We can also infer from the characteristics of the human tactile 
system that a vibratory tactile stimulus, which is commonly used in 
tactile communication devices, would not be effective because the 
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vibrations in such devices do not activate C-tactile fibers 37 . These 
physiological perspectives suggest possible design directions for tact- 
ile communication devices. 

Interpersonal touch affects not only Cortisol but also other hor- 
mones. Recent studies found that a 15-minute massage elevates oxy- 
tocin levels and induces altruistic behavior 15,16 . Oxytocin is a 
hormone that facilitates social bonding and trusting behavior 43 . 
Studies about interpersonal touches between couples show that oxy- 
tocin increases and Cortisol decreases 1213 . We speculate that physical 
contact with the huggable device may increase the oxytocin levels 
during conversations. In fact, one study reported that touching a 
teddy bear eases feelings of social exclusion and increases prosocial 
behavior, suggesting a possible increase in the oxytocin level from 
physical contact 44 . Therefore, it is interesting to investigate whether 
physical contact with huggable devices can also increase oxytocin 
levels and prosocial behavior. 

Our current study has several limitations. First, our experiment 
focused on a particular demographic of participants and a conver- 
sation partner. We recruited only female participants, and our con- 
versation situation was between older female participants and a 
younger male confederate to minimize the heterogeneity in the pos- 
sible social relationships. However, gender, age, and cultural back- 
ground could all influence the endocrine changes, as reported in 
interpersonal touching 1 . Our results need to be tested and replicated 
in other social settings. Second, as mentioned above, since the hug- 
gable device's texture and shape might have contributed to the hor- 
monal changes, any generalizations should be made with caution 
until our findings are replicated in different conditions. 

In summary, our study demonstrated that physical contact with a 
simple, inanimate object decreases the Cortisol levels in both saliva 
and blood. Our findings increase understanding of the underlying 
mechanism of interpersonal touch and will inspire design directions 
of future communication devices to improve human well-being. 

Methods 

Subjects. To minimize the effects of menstrual hormonal cycles and gender 
differences in hormonal systems, we recruited eighteen relatively old, healthy female 
volunteers (mean age 63.7 years, S.D. 5.0) from local cities in Osaka to evaluate our 
novel communication devices. Subjects on medication, or suffering from acute or 
chronic hormonal dysregulations, psychosomatic, or psychiatric diseases were 
excluded. Before the study, participants were informed of the following prohibitions: 
1) no alcohol or cigarettes one day before the study; 2) no exercise, eating, or drinking 
one hour before the study. Participants were randomly separated into two groups: the 
Hug group (mean age 62.0 years, S.D. 5.2), whose nine participants talked with 
another person while holding a huggable communication device called Hugvie, or the 
Phone group (mean age 65.4 years, S.D. 4.1) that talked on a communication device 
resembled a mobile phone. They did not know to which group they would be assigned 
until the devices were given. All participants gave written informed consent prior to 
participation. This study was approved by the ethics committee of Osaka University 
(Osaka, Japan) and the Advanced Telecommunications Research Institute 
International (Kyoto, Japan). 

Conversation partner. We selected a conversation partner from candidates who 
applied for an experiment assistant job. In the job interviews, they exhibited their 
skills in a mock 10-minute conversation that followed the same procedure as in the 
main experiment. After a careful selection process, we chose a 22-year-old male 
university student as a competent conversation partner. He was not aware of the 
purpose of the experiment throughout the study. He also gave informed consent and 
was covered under the ethical approval described above. 

Communication devices. We used a human- shaped cushion phone called Hugvie 
(75 cm high and 600 g) to provide tactile stimulation for the participants. Its design 
was inspired by observation of field studies with Telenoid, a human-like robotic 
medium with minimal human appearance characteristics 24 . Studies reported that 
physical contact with a Telenoid, especially hugging it, is a primary form of 
interaction and has strong psychological impact on a wide age range of users. Based 
on this finding, Hugvie was designed as a communication device that focuses on the 
hugging experience. It is a soft cushion filled with polystyrene microbeads and 
covered with spandex fiber, which is often used for microbead pillows. It resembles 
person opening its arms for a hug and enables us to bring the hug experience into tele- 
communication by putting a hands-free mobile phone inside a pocket of its "head". 
Since the phone is in the pocket, people can call and talk while hugging the Hugvie, 
increasing the feeling they are actually hugging a distant conversation partner. A 



Hugvie does not have any actuators inside it. Therefore we can investigate the effect of 
inactive touches from it. 

To maintain stable audio communication, we used a portable Bluetooth speaker 
(MOT-EQ5, MOTOROLA) to transmit audio information from the conversation 
partner instead of a standard mobile phone. This speaker was used in the Phone group 
as the communication device. 

Experimental environment. The experimental room included two adjacent sub- 
rooms that were separated by 1.62-meter-high walls; a waiting room was used for the 
blood and saliva sampling and the informed consent, and another room was used for 
the conversation task and answering questionnaires. During the conversations and 
the questionnaires, participants were left alone in the conversation room and an 
experimenter waited in the waiting room. The conversation partner waited in an 
operation room located on another floor. The operation and conversation rooms 
were wired with RCA cables to maintain stable audio communication. The audio 
information in the conversation room was carried to the operation room by a hidden 
microphone. Conversations were video-recorded with the agreement of the 
participants. 

Experimental procedure. The experiments were conducted in the morning and the 
afternoon (10:00-12:00 and 13:00-15:00). To avoid the influence of diurnal rhythms 
on hormones, the assignments into two groups were counterbalanced for morning 
and afternoon sessions. 

The experiment consisted of four phases (Figure 1). Participants were first led to a 
waiting room. After filling out pre-conversation questionnaires about their frequency 
of internet surfing, knowledge of and attitudes to interactive robots, and about 
themselves, saliva and blood samples were taken from all participants (Sample 1). 
Each participant gave a saliva sample by a cylindrical plain cotton roll, and a licensed 
technician drew 8 ml of blood from an antecubital or dorsal hand vein. 

After the first sample, the participants were led to the conversation room next to 
the waiting room where they relaxed on a reclining easy chair for 5 minutes. Then the 
experimenter gave Hugvie to them in the Hug group and explained how to hold it (see 
Supplementary Fig. SI online); participants in the Phone group were given Bluetooth 
speaker. All participants were asked to have a 15-minute conversation with another 
male participant on the given communication device. In reality, the experiment 
assistant conversed with them. The participants and the assistant neither know nor 
see each other throughout the experiment. 

At the beginning of the conversation, the assistant first introduced himself to a 
participant after greeting and giving his name, and asked the participant's name if she 
did not inform him of it. Then, he asked her best memories in the last year. 62.5% of all 
participants talked about their travel and the rest talked about their hobby, family, pet, 
and success of surgery. During the conversation, the participant and the assistant 
were able to talk about themselves or ask questions to the opponent freely except that 
the assistant was forbidden to ask participants about their education background, 
parental job, and political affiliation. The conversation went smoothly without any 
period of silence since the assistant encouraged the conversation by changing a topic, 
talking about himself, and asking new questions. 

When the 15-minute conversations ended, the experimenter led the participants to 
the waiting room for the second saliva and blood samples (Sample 2) that were 
promptly taken in the same manner as the first one. Next the participants returned to 
the conversation room and joined another experiment where they played a computer 
game for 10 minutes. Finally, they answered a post- conversation questionnaire about 
their affective states during the conversation and then they were debriefed before 
being dismissed. 

Cortisol collection and analysis. The saliva and blood samples were assayed for 
Cortisol determination by a radio immunoassay (RIA; Immunotech Inc., Quebec, 
Canada) using a standard curve method with reported detection limits of 0.17 ug/dl. 
The cross-reactivity of the assay was 8.4% with corticosterone, 1.5% with cortisone, 
<0.1% with predonisone, and <0.1% with other naturally occurring steroids. For the 
saliva assay, thawed samples were centrifuged at 3,000 rpm for ten minutes and 
stored until analysis at — 80°C. Plasma samples were obtained within 30 minutes after 
collection in plastic tubes containing EDTA as an anticoagulant, centrifuged at 
3,000 rpm for ten minutes, and stored until analysis at — 80°C. All the samples from 
the participants were included in the same assay batch to eliminate within subject 
inter-assay variance. All the samples were assayed in duplicate and averaged. The 
inter-assay coefficients of variance were 3.5%. 

The Cortisol levels in several saliva samples were below the lower limit of mea- 
surement (0.06 ug/dl). Therefore, we set them to zero and subtracted the limit from 
the Cortisol value of other saliva samples. This procedure was not applied for the blood 
samples because Cortisol hormones were obtained above the lower limit in all the 
samples. The effect of physical touch was measured as the decrease of Cortisol that was 
calculated by subtracting the Cortisols before the conversation from those after the 
conversation (Sample 2 - Sample 1). We used a t-test to evaluate the difference of the 
Cortisol decrease in the saliva and the blood between the two groups because the 
normality and equal variance of the saliva and blood data between the two groups 
were confirmed with Shapiro-Wilk normality test and F test, respectively (see 
Supplemental Information). Pearson's product-moment correlation was used to 
calculate the correlation between the saliva and blood samples. 

Affective states. We asked the participants their affect in the post-conversation 
questionnaire. Positive and Negative Affect Schedule (PANAS) is a well-known scale 
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to capture temporary positive and negative affect 45 . However, it does not include such 
deactivation pleasant feelings such as calmness and relaxation that are also related to 
mental stress 46 . Therefore, we used a Japanese scale called the General Affect Scale 
(GAS) 47 , which is based on PANAS and other Japanese affect scales, to evaluate 
positive affect, negative affect, and calmness. This 24-adjective questionnaire, which 
was answered on a scale from 1 (not at all) to 4 (very), measures each affective factor 
by adding the ratings of eight corresponding adjectives (see Supplementary Table SI 
online). We applied t-tests and Pearson's product-moment correlation for analysis 
because of the normality and the equal variance of all the data (see Supplemental 
Information). Since we could not collect GAS responses from one participant in the 
Hug group due to system failure during the questionnaire, we used responses from the 
other eight participants in our analysis related to GAS. 
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